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Helicobacter hepaticus HHGI1 is a pathogenicity island associated
with typhlocolitis in B6.129-IL10tm1Cgn mice
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Abstract

Helicobacter hepaticus strain 3B1 (H. hepaticus) contains a genomic island of w71 kb, HHGI1, with some of the common features shared
among known bacterial pathogenicity islands. In this study, we characterized the pathogenic potential of HHGI1 by infecting B6.129-IL10tm1Cgn

(IL10�/�) mice with an isogenic mutant (namely HhPAId1) lacking 19 predicted genes within HHGI1. In contrast to H. hepaticus (P < 0.001),
HhPAId1 did not cause typhlocolitis and hyperplasia in IL10�/� mice. Colonization levels of HhPAId1 were significantly higher in the cecum
(P < 0.007) and similar in the colon (P ¼ 0.27) when compared to H. hepaticus by 13 or 16 weeks post inoculation (WPI). The magnitude of the
Th1-associated IgG2c response against HhPAId1 was less than that against H. hepaticus (P < 0.004). There was no significant difference in Th2-
associated IgG1 responses against these two strains. Cecal and colonic mRNA levels of proinflammatory cytokines IFN-g, TNF-a and IL-17a in
the HhPAId1-infected mice were significantly lower than those in the H. hepaticus-infected mice (P < 0.05) at 13 WPI. These results demon-
strate that genes in the HHGI1 contribute to the pathogenicity of H. hepaticus, at least in part via up-regulation of proinflammatory mediators
IFN-g, TNF-a and IL-17a.
� 2008 Elsevier Masson SAS. All rights reserved.
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1. Introduction

During microbial evolution, many bacterial genomes have
acquired blocks of DNA, called ‘‘genomic islands’’, from
other organisms by horizontal transfer (reviewed in [1]). These
genomic islands can be divided into several subtypes based on

their functionality, including ecological islands, saprophytic
islands, symbiosis islands and pathogenicity islands (PAI) [1].
PAIs encode one or more virulence-associated factors and often
have a G þ C content distinct from the rest of the core genome
[2]. Bacterial PAIs, such as the well characterized LEE in
enteropathogenic Escherichia coli, cag in Helicobacter pylori
and SaPI1 in Staphylococcus aureus, significantly contribute
to the virulence of these pathogens [2].

Helicobacter hepaticus infection leads to chronic hepatitis,
hepatocellular carcinoma and typhlocolitis in susceptible
mouse strains [3,4]. Recently, it has been demonstrated that
this bacterium also contributes to the formation of cholesterol
gallstones in C57L/J mice [5], colonic tumors in 129 Rag2�/�

mice [6], and mammary tumors in Apcmin/þRag2�/� mice [7].
However, our knowledge of virulence factors of this pathogen
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remains limited; the best characterized H. hepaticus virulence
factor is cytolethal distending toxin (CDT) which is essential
for persistent colonization, and plays an important role in
the development of H. hepaticus-induced typhlocolitis in
C57BL/6 IL10�/� mice [8] and hepatic dysplasia in male A/
JCr mice [9]. A distinct genomic island of w71 kb (termed
HHGI1) comprising 70 predicted genes was identified in the
completely sequenced genome of H. hepaticus strain 3B1
(ATCC51449) [10]. HHGI1 displays several features of a bac-
terial PAI, including its relatively low G þ C content as com-
pared to the rest of the chromosome and a prophage P4-like
integrase, and also like H. pylori cagPAI [11], contains several
homologs (VirB10, VirB4, and VirD4) of components of the
Agrobacterium tumefaciens type IV secretion system (T4SS).
In addition, the presence of HHGI1 genes is highly variable
among H. hepaticus isolates [10], a phenomenon also observed
for the H. pylori cagPAI [11]. Importantly, male A/JCr mice
infected with H. hepaticus strains lacking the entire HHGI1
(MIT 96-1809 isolated from mice originating in the Nether-
lands) or w62 out of 71 kb (MIT 96-284 from mice in Ger-
many) developed less severe hepatitis than those infected
with H. hepaticus 3B1 containing the intact HHGI1 [12].
These lines of evidence suggested that HHGI1 is a candidate
PAI for H. hepaticus. In this study, we generated an isogenic
mutant of H. hepaticus 3B1, in which a w21-kb portion of
HHGI1 containing the VirB10 and VirB4 homologs was de-
leted. The effect of this deletion on colonization, pathogenicity
and host proinflammatory responses was investigated in
B6.129-IL10tm1Cgn mice.

2. Materials and methods

2.1. Helicobacter hepaticus strains, growth media and
conditions

H. hepaticus strain 3B1 (ATCC 51448) [3] was cultured on
blood agar (Remel, Lexington, KY) for 2e3 days under mi-
croaerobic conditions (10% H2, 10% CO2, 80% N2). Chloram-
phenicol (Cm)-resistant H. hepaticus mutants were selected on
blood agar base supplemented with 10% horse blood and
10 mg/L of Cm.

2.2. Construction of isogenic mutants

In order to construct a mutant of H. hepaticus 3B1 where
a block of HHGI1 genes (HH0250eHH0268) was deleted,
two regions of approximately 2000 bp were amplified by
PCR, one 50 of gene HH0250 with the primers hepI1P1fw
(50-cgg ggt acc TGT GGC TCA TAA GGA GAT CG-30) and
hepI1P1rv (gga aga tct ATA CCA TTA TAC CAA GCG
ACC) and a second one 30 of the gene HH0268 with the
primers hepI1P2fw (50-gga aga tct TAA CAG GAG TGG
TAA CAC GG-30) and hepI1P2rv (50-cgg ggt acc AGC
AGG TGC ATT GCC ATT CC-30). Capital letters in the
primer sequences indicate homologous regions to the genome
of H. hepaticus, bold letters KpnI-sites, and italic letters BglII-
sites. The PCR products were first digested with BglII, then
one PCR-product was dephosphorylated and both PCR-prod-
ucts were ligated with each other (Fig. 1). After cleanup, the

Fig. 1. Construction of plasmid pSUS2105 containing a deletion within HHGI1. The hatched region denotes the genetic locus (HH0250eHH0268, w21.7 kb) that

was replaced with the Campylobacter coli chloramphemicol acetyltransferase gene (CAT ) [13]. HH0252 and HH0246 in the deleted island segment display se-

quence similarity to Agrobacterium tumefaciens VirB10 and VirB4, respectively [10].
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